Chronic obstructive pulmonary disease (COPD) is characterized by an irreversible limitation on pulmonary airflow associated with chronic inflammation and mucous hypersecretion (chronic bronchitis) and/or the pathological destruction of alveolar airspaces leading to emphysema. COPD, predominantly as a result of tobacco smoke exposure, represents the fourth leading cause of mortality worldwide and its prevalence is increasing. Despite this, much of the basic mechanisms which contribute to disease progression remain to be elucidated and current therapeutic approaches are, for the most part, based upon alleviating patient symptoms (bronchodilators) as opposed to treating the underlying pathological mechanisms triggered in response to cigarette smoke exposure. The classic disease paradigm suggests that an imbalance of pulmonary matrix proteases versus anti-proteases underlies the tissue destruction and inflammation associated with COPD. However, there is a growing appreciation of the complex and multifaceted nature of the pathological mechanisms associated with disease progression. Recently, there has been mounting evidence indicating that COPD patients exhibit many of the characteristics of a classical autoimmune response. We will discuss current evidence in support of this paradigm and outline how future therapeutic approaches may be tailored to address this. Cellular & Molecular Immunology. 2009;6(2):81-86.
Introduction
Tobacco smoke exposure represents the single most prevalent predisposing factor towards chronic obstructive pulmonary disease (COPD), a progressive and irreversible chronic inflammatory condition, which is one of the highest causes of mortality globally (1) . It is generally accepted that the inflammatory response observed in the lungs of COPD patients is intrinsically linked to the tissue destruction and alveolar airspace enlargement leading to disease progression. However, the precise nature of this complex immune response remains to be fully elucidated.
Cellular infiltration of the lungs in response to tobacco smoke exposure is composed of cells of both the innate and adaptive immune response including macrophages, neutrophils, dendritic cells, and T and B lymphocytes (2) (3) (4) . The relatively large numbers of macrophages and neutrophils present in the airways of COPD patients has contributed to the hypothesis that both cell types are critical mediators of disease pathogenesis (5) (6) (7) . Neutrophils, through the release of elastases and reactive oxygen species are thought to play a significant role in tissue destruction while macrophages have also been implicated in promoting alveolar airspace enlargement, primarily through the release of matrix metalloproteinases (MMPs). Although the presence of infiltrating lymphocytes and dendritic cells has also been well documented, their precise roles in promoting inflammation in the lungs of COPD patients are less well defined.
The observation that only 20-30% of habitual smokers go on to develop COPD suggests a degree of genetic susceptibility among certain individuals (8) . Added to this, the fact that progressive pulmonary inflammation remains, even after smoking cessation, raises the possibility that there has been a breakdown in self tolerance stemming from the tissue injury caused by the initial noxious stimuli (9) . Indeed, recent advances in our understanding of disease pathogenesis indicate that COPD patients exhibit many of the same features as patients suffering from classical autoimmune diseases.
We will examine the existing evidence for an autoimmune component in contributing to COPD progression and discuss these observations in the context of more extensively characterized mechanisms of disease. The use of immune based strategies as potential therapeutics in COPD will also be discussed.
The innate immune system in COPD

Respiratory epithelium
Epithelial cells lining the large and small airways represent the first line of defence in pulmonary innate immune responses. As well as providing a physical barrier against both microbial pathogens and inhaled toxins such as those present in tobacco smoke, respiratory epithelial cells are now recognized to play a central role in initiating and mediating inflammatory responses in the lung (10, 11) .
Upon exposure to cigarette smoke, respiratory epithelial cells undergo a range of structural alterations resulting in loss of barrier function, decreased mucocilliary clearance and squamous metaplasia (12, 13) . It has been proposed that loss of structural integrity of the epithelial monolayer can lead to disruption of the naturally immunosuppressive microenvironment in the lung parenchyma. Under normal homeostatic conditions, respiratory epithelial cells keep alveolar macrophages in check through constitutive integrin mediated activation of the immunosuppressive cytokine TGF- (14) . As a result of the morphological changes and cytotoxicity induced by tobacco smoke exposure, TGF- dependent signalling is disrupted leading to the release of proinflammatory cytokines by alveolar macrophages and the initiation of a proinflammatory cascade of cellular infiltration (14) .
Although interactions between respiratory epithelium and other cell types present in the lung parenchyma play an important role in driving the proinflammatory response, it is also evident that epithelial cells themselves can directly express a number of chemokines and cytokines in response to noxious stimuli. Cigarette smoke exposure can directly lead to increased expression of chemokines such as IL-8 and CCL20 which promote the infiltration of neutrophils, dendritic cells and T cells respectively into the lung (15) (P. T. W.-unpublished observations). Respiratory epithelial cells have also been reported to express several members of the toll like receptor family (TLRs). TLRs are the prototypical innate sensing receptor family recognizing pathogen derived components and as such are likely to play an important role in proinflammatory responses to bacterial and viral infection often associated with COPD exacerbations (16) .
Alveolar macrophages
Alveolar macrophages have long been considered as central orchestrators of the inflammatory response in COPD due to the observed increase in macrophage numbers present in the lungs of patients and a strong correlation between levels of infiltration and disease progression (6, 7) . In addition, the infiltrating macrophages are found to be localised to areas of tissue damage and can express a wide array of proinflammatory mediators (17) . Through enhanced secretion of matrix metalloproteinases, e.g., MMP-9/12, alveolar macrophages directly contribute to the tissue destruction observed in emphysema (18) . Alveolar macrophages can also direct the recruitment of other immune cell subsets toward the site of inflammation through the release of chemokines.
Macrophages from COPD patients have been reported to secrete elevated levels of IL-8 which promotes neutrophil infiltration while amplifying tissue destruction through enhanced protease secretion (19) . Macrophages also have the capacity to promote T cell infiltration through the expression of Th1/Tc1 specific chemokines such as CXCL9, CXCL10 and CXCL11 (4, 20) (Figure 1 ). Increased levels of these chemokines have been reported in the sputum of COPD patients and directly correlate with increases observed in macrophage infiltration as well as decreased lung function. It has recently been demonstrated that alveolar macrophages isolated from COPD patients also express the chemokine receptor CXCR3 and upon stimulation with the specific ligands outlined above, expressed by Th1 type cells, exhibit enhanced MMP12 expression (21) . Together, these observations raise the interesting possibility that macrophages and infiltrating T cells may act in a coordinated and additive fashion to promote tissue destruction in COPD patients.
Dendritic cells
In line with the emerging concept that the generation of a specific adaptive immune response may be an important component in COPD pathogenesis, there has been a growing interest in the potential role of dendritic cells in disease progression. Dendritic cells are the 'sentinel' cell of the innate immune response and in their role as professional antigen presenting cells represent a critical interface between the innate and adaptive immune systems (22) . Although dendritic cell subsets have been extensively characterized in inflammation associated with asthma, lung cancer or pulmonary infection, their role in COPD has received less attention. However, the clear correlation between lymphocyte infiltration and disease progression provides firm evidence that dendritic cells can play an important role in promoting progressive inflammation in response to cigarette smoke exposure.
Dendritic cells are present in lung parenchyma, residing in the intraepithelial spaces where they play immune surveillance role ready to respond to either infection or tissue damage. Upon exposure to such an environment the dendritic cell processes antigen and migrates towards the draining lymph nodes where after undergoing a process of maturation, it can activate a primary antigen specific immune response by naïve T cells (23) .
At present there is conflicting evidence from both human patient samples and preclinical animal models surrounding both the numbers and maturation state of dendritic cells present in the lungs after chronic smoke exposure. While some reports demonstrate an increase in mature dendritic cell numbers in the lungs associated with COPD, others show that DC numbers are decreased and have a diminished T cell stimulatory capacity (24) (25) (26) (27) (28) . Such discrepencies likely reflect differences in terms of markers used to detect DC subsets as well as analysis of DC subsets from either whole lung tissue, bronchoalveolar lavage or immunohistochemistry on specific tissue sections such as the small airways. The observation that deficiency in the chemokine receptor CCR6 Volume 6 Number 2 April 2009 confers protection in a murine model of cigarette smoke induced pulmonary inflammation and emphysema points to a mechanistic role for DC in promoting disease progression (29) . CCR6 is a chemokine receptor whose expression is largely associated with tissue infiltrating proinflammatory DC (as well as with specific T cell subsets) and it has subsequently been demonstrated that COPD patients have significantly elevated levels of the CCR6 ligand, CCL20, in the lung (28) .
As well as their potential role in promoting adaptive immune responses evidence also exists indicating that DC, as well as macrophages, can contribute to proteolytic mechanisms associated with tissue destruction in COPD through the expression of MMP-12 (30) .
Despite the growing interest in the role of DC in the immunopathology of COPD, many critical outstanding issues remain to be resolved. Although it is generally accepted that COPD is associated with the generation of an adaptive immune response in which a role for DC is strongly implied, the source of antigen responsible for initiating such a response remains to be elucidated. One possibility is that tissue destruction as a direct result of tobacco smoke exposure leads to activation of the innate immune system and the presentation of endogenous antigens leading to the development of a classical type autoimmune response. Alternatively, the generation of adaptive immunity in COPD may be reflective of the increased susceptibility of these patients to pulmonary infection with both viral and bacterial pathogens. In order to adequately address such issues a more detailed investigation into the role of DC subsets in COPD pathogenesis is required.
The adaptive immune system in COPD
T cells
The infiltration of activated T cells, and particularly CD8 + cytotoxic T cells, has long been recognized as a feature of chronic pulmonary inflammation in COPD (31) . Oligoclonal CD8 + T cell infiltrates are present in both the lungs of COPD patients and also in mice chronically exposed to cigarette smoke, where they persist even after a sustained period of smoking cessation (32, 33) . Furthermore, a number of groups have demonstrated that CD8 + T cell infiltration is positively correlated with airflow limitation and disease progression (31, 34) . Although such observations implicate T cell responses in COPD pathogenesis, the precise role of particular T cell subsets in disease progression remains ill defined. A major consequence of effector CD8 + T cell function is the apoptosis of target cells through a FasL or perforin/granzyme dependent mechanism and a number of groups have demonstrated a correlation between the levels of T cell infiltration and apoptosis related tissue destruction in the emphysematous lung (35, 36) . Although the nature of the CD4 + T cell response in the lungs of COPD patients is less well characterized it is accepted that in order for most classes of CD8 + T cell responses to be mounted effectively, CD4 + T cell 'help' is required. This indicates that CD4 + T cell activation also plays a critical role in driving the adaptive immune response in COPD.
Activated CD4 + T cells can differentiate into a number of specific subsets defined by their cytokine expression profiles. Th1 cells predominantly express IFN-, while Th2 cells, critical in allergic asthma responses, express IL-4 and IL-5. A more recent addition to the T cell differentiation paradigm is the Th17 cell characterized by the expression of IL-17. Most studies in both human and animal models indicate that a Th1 type response predominates in COPD, although the presence of lung infiltrating Th2 cells has also been demonstrated indicating a degree of mechanistic heterogeneity (21, 37, 38) . Transgenic overexpression of IFN-, the prototypical Th1 (Tc1) derived cytokine, in the lungs of adult mice, also leads to the development of emphysema (39) . We have recently demonstrated the presence of a distinct Th17 type response in conjunction with a Th1 type response in the airways of chronically cigarette smoke exposed mice (40) (Figure 1 ). It is tempting to speculate that Th17 cells play a role in disease pathogenesis given the role of IL-17 in promoting neutrophil chemotaxis as well as its reported ability to stimulate mucin production from respiratory epithelium (41, 42) . It is also noteworthy that Th17 cells in the airways of emphysematous mice express the chemokine receptor CCR6 (40) . CCR6 deficient mice have previously been found to be protected from cigarette smoke induced pulmonary inflammation and airspace enlargement perhaps indicating an important role for Th17 cells (29) .
As previously mentioned, a major unanswered question surrounding the T cell response in COPD and emphysema is the source of the antigenic stimulus driving the response. Antigenic determinants may be associated with viral or bacterial infection, which are often enhanced in COPD patients. Alternatively, antigens may be derived from constituents of tobacco smoke itself or may be 'self' antigens altered by tobacco constituents or associated with persistent tissue destruction. In this regard the recent demonstration of autoreactive CD4 + T cells in the periphery of COPD patients is revealing (43) . This observation points toward a break down in 'self' tolerance associated with tissue destruction and identifies elastin breakdown products as a potential antigen. Interestingly, Lee et al. also demonstrate an apparent deficit of CD4 + CD25 + Foxp3 + regulatory T cells present in the lungs of emphysema patients raising the possibility that a breakdown in T cell mediated immune regulation may also contribute to disease progression (43) .
B cells
In line with the growing appreciation of the role of CD4 + T cell responses in COPD/emphysema, recent reports have also highlighted the potential importance of B cell responses and auto-antibody production. CD4 + T cells are inherently associated with the humoral immune response by providing specific help for antibody-secreting B-cells. In particular, T cell help is required for appropriate antibody isotype switching and also plays a role in promoting B cell proliferation.
In emphysematous lungs from COPD patients, CD4 T cells were found to co-localize with B cells forming lymphoid follicles which contain germinal centers. The numbers of B cell follicles present in the lung were shown to increase with disease severity (44) (45) (46) . In addition, the presence of auto-antibodies against pulmonary epithelial and endothelial cells has been described in the serum of COPD patients. Deposition of IgG as well as C3, indicative of antibody mediated complement activation and cell injury, has been demonstrated in the small airways of COPD patients but is noticeably absent in the airways of healthy controls (47) .
As well the identification of peripheral elastin reactive T cells in emphysema patients, Lee et al. also reported increased levels of elastin specific auto-antibodies in the serum and increased numbers of B cells secreting anti-elastin antibodies in the lungs of emphysema patients (43) . Interestingly, anti-elastin autoimmune responses may provide a mechanistic link between pulmonary tissue damage and pathology of other elastin-rich organs and tissues, given that habitual tobacco smokers are more susceptible to elastolytic skin disorders and coronary artery disease (43) .
Summary
A greater understanding of the complex and multi-faceted nature of COPD has led to a growing awareness that disease progression results from the interaction of a number of cell types contributing to specific disease related mechanisms. It is now obvious that the protease imbalance model of disease pathogenesis, while of obvious significance, is an over simplification. It is also widely accepted that the generation of an adaptive immune response is an important characteristic of emphysematous tissue damage in COPD patients. While there remain many important questions about the precise nature of this response to be addressed, the hypothesis that an autoimmune component exists in COPD raises a number a novel therapeutic possibilities.
It remains to be determined whether immunotherapeutics used in the treatment of conventional autoimmune diseases such as rheumatoid arthritis or lupus exhibit any efficacy in treating COPD. However, current conventional treatment for COPD consisting of a combination therapy of long acting bronchodilators with immunosuppressive corticosteroids does appear to slow the rate of lung function decline although its effects on mortality are inconclusive (48) . The issue of whether steroids are beneficial to COPD patients remains controversial but the reported benefits from the aforementioned trials suggest that inhibition of the adaptive immune response may be effective, at least when other disease relevant mechanisms are also targeted.
As more specific information concerning the relative contribution of immune cell subsets towards COPD pathogenesis are elucidated, future therapeutic targets and strategies will be revealed. The likely scenario, given the complex nature of COPD, is that combination therapies designed to address distinct cellular pathological mechanisms will prove most beneficial. Whether such approaches include novel strategies aimed at suppressing or modulating the adaptive immune response remains to be seen.
